The incidence of obesity and the number of hip arthroplasties being performed in Australia each year are increasing. Although uncommon, periprosthetic infection after surgery can have a devastating effect on patient outcomes. We therefore asked whether obesity correlated with periprosthetic infection after primary hip arthroplasty. We further asked whether variables such as patient comorbidities, operative time, blood transfusions, use of drains, and cementation practices correlated with periprosthetic infection. We hypothesized obesity was an independent risk factor for the development of acute periprosthetic infection after primary hip arthroplasty. We reviewed 1207 consecutive primary hip arthroplasties separating patients into four weight groups, normal, overweight, obese, and morbidly obese, and compared for incidence of periprosthetic infection between the groups. We observed a considerably higher infection rate in obese patients; the correlation was independent of patient comorbidities such as diabetes and cardiovascular disease. We also observed a correlation between infection rates and using a posterior approach in obese patients. The incidence of periprosthetic infection was not influenced by operative time, transfusion require-
Introduction
The incidence of obesity in Australia is reportedly on the increase, with Australia being ranked high among those with the fattest people. It has been estimated more than 2/3 of the male population (67%) are overweight and 19% are obese, whereas 1/2 of the female population (52%) are overweight and 22% are obese [1] . Obesity has been cited as a risk factor for having osteoarthritis of the hip develop and various studies have shown overweight people are strongly overrepresented among patients undergoing orthopaedic surgery [6, 10, 20, 22, 27] .
Independent of the incidence of obesity, the number of THAs being performed in Australia each year also is increasing [2] . Although much has been reported on the improvement in function and quality of life for patients after joint arthroplasty, considerable risks of postoperative complications for patients who are obese also have been reported [8, 17, 19, 23, 24, 26, 36] . However, few studies report the incidence of deep infection in patients who are obese after primary hip arthroplasty. Some studies do suggest a relationship, yet there is also the argument that factors such as coexisting comorbidities are responsible for high incidences of deep infection rather than obesity and studies that have controlled for comorbidities have found no direct correlation between obesity and periprosthetic infection [28] [29] [30] .
We therefore asked whether there was a correlation between obesity and the incidence of periprosthetic infection. We further asked whether variables such as patient comorbidities, surgical approach, operative time, blood transfusions, use of drains, and cementation practices correlated with periprosthetic infection. We hypothesized obesity was an independent risk factor for the development of acute periprosthetic infection after primary hip arthroplasty.
Materials and Methods
We retrospectively analyzed prospectively collected data for all 1207 patients who underwent primary elective hip arthroplasty from January 1998 to December 2005. Prosthetic joint infections were defined as those with two or more positive deep sample cultures for bacteria or one positive culture with purulence surrounding the joint at operation. All patients who incurred an acute deep infection up to 1 year after hip arthroplasty at our institution were included in the analysis. The median age was 69 years (range, 18-97 years); 673 patients were female and 534 were male. There were 552 left hips and 655 right hips replaced. The median body mass index (BMI) of the group was 28.1 kg/m 2 (range, 15.4-52.7 kg/m 2 ). The main reasons for patients undergoing hip arthroplasty were osteoarthritis (n = 999), osteonecrosis (n = 84), rheumatoid arthritis (n = 43), developmental dislocation of the hip (n = 37), and other (n = 44). The major comorbidities were cardiac (n = 736), gastrointestinal (n = 277), respiratory (n = 175), and endocrine (n = 172). Sixty-two percent of patients had multiple comorbidities (two or more). No patients were lost to followup during the first 12 months after their procedure, but there were 13 deaths (0.11%) during the first 12 months after the primary surgery.
Body mass index data were classified according to the US Centers for Disease Control and Prevention (CDC) guidelines [7, 15] . A BMI less than 25 kg/m 2 was classified as normal, 25 to 29 kg/m 2 as overweight, 30 to 39 kg/m 2 as obese, and 40 kg/m 2 or greater as morbidly obese. Of the 1207 patients who underwent THA, only 25% (n = 301) were within the normal weight range. Thirty-seven percent (n = 445) of patients were overweight, 34% (n = 417) of patients were obese, and 4% (n = 44) of patients were morbidly obese. Although slightly more men were either overweight or obese than women, the prevalence of morbid obesity was greater for women (5%) than men (2%). Of the 999 patients with osteoarthritis, the median age at the time of surgery (62 years) was younger (p = 0.001) for the morbidly obese group than for all others (obese, 69 years; overweight and normal weight, 71 years). A greater number of patients who were obese and morbidly obese undergoing THA had multiple comorbidities. Fifty-three percent (n = 160) of patients in the normal weight range had two or more comorbidities, 60% (n = 267) in the overweight group, 69% (n = 288) in the obese group, and 70% (n = 31) in the morbidly obese group.
Hip arthroplasty was conducted in a positive-pressure operating room. Patients received perioperative prophylactic antibiotics, which consisted of 1 g intravenous cefazolin on induction and continued for 24 hours postprocedure. Where a preexisting allergy to cephalosporins was identified, prophylaxis was substituted with 1 g vancomycin twice daily for 24 hours with the first dose administered on induction. The dosage and timing of antibiotic prophylaxis were administered as per protocol in all 22 patients diagnosed with deep infection, with one patient of the 22 receiving vancomycin because of an allergy to cephalosporins. All patients had a urinary catheter inserted in the operating room just before surgery, which remained in situ for 48 hours. Gentamicin was given just before insertion and removal of the urinary catheter. Regional anesthesia was used in 1102 cases and general anesthesia in 105 cases. A totally cemented prosthesis was used in 397 patients, cemented stem only (hybrid) in 602 patients, and a totally uncemented prosthesis in 208 patients. Antibiotic-impregnated cement was introduced at our institution in March 2002 and was used in 553 cases. An anterolateral (Hardinge) approach was used in 854 cases, whereas a posterior approach was used in 353 cases. Operative approach was surgeon specific, with each surgeon consistently using the same approach for all primary hip arthroplasties performed during the study period.
Postoperative care for all patients was standardized through the use of our clinical pathway for THA introduced at our institution in 1995. Low-pressure suction drains were used in 1060 patients and remained in situ for 24 to 48 hours. The median postoperative hemoglobin level was 99 g/dL (range, 54-153 g/dL) and 429 patients received an allogenic blood transfusion postoperatively. Autologous blood transfusions were not used during the study time frame.
We reviewed the medical records for all study patients, including inpatient data, discharge summaries, and outpatient followup notes. Data collected included patient demographics, comorbidities, operative time, length of stay, discharge destination, complications, and readmissions that occurred within the first 12 months of the index surgery. Once data collection was complete, patients were separated into one of four groups according to their preoperative BMI classification as described previously.
The differences in infection rates between categorical groups were determined using the chi square test and nonparametric continuous data were analyzed using the Mann-Whitney and the Kruskal-Wallis one-way analysis of variance on ranks. We determined whether diabetes and cardiac disease, two comorbidities commonly linked with obesity, were associated with an increased risk of periprosthetic infection. We then determined whether the operative approach influenced infection for the four weight groups. Data were maintained and analyzed using Microsoft 1 Excel 1 (Microsoft Corp, Redmond, WA) and SigmaStat 1 for Windows Version 3.0.1 (SPSS Inc, Chicago, IL).
Results
We observed a periprosthetic infection rate of 1.8%. When separated by BMI, the infection rate was higher (p = 0.002) in obese patients: 1.0% (n = 3) of patients within the normal weight range and 0.9% (n = 4) of overweight patients had an acute prosthetic infection develop after primary hip arthroplasty, compared with 2.6% (n = 11) of obese patients and 9.1% (n = 4) of morbidly obese patients.
No particular comorbidity correlated with an increased incidence of periprosthetic infection ( Table 1 ). The incidence of infection tended to be higher (p = 0.15) for patients with diabetes (3.9%) than for patients without diabetes (1.6%). In contrast, the periprosthetic infection rate was higher (p = 0.002) in obese groups when patients without diabetes were separated by BMI (Table 2 ): the infection rates in patients without diabetes were 1.1% (n = 3) and 0.5% (n = 2) in normal and overweight patients, compared with 2.6% (n = 9) and 8.6% (n = 3) in obese and morbidly obese patients. Patients without cardiac disease also had a higher (p = 0.024) incidence of periprosthetic infection among obese groups than among nonobese groups (Table 3 ): the infection rates for this subgroup occurred in 1.0% (n = 2) and 0.0% (n = 0) of normal and overweight patients, compared with 3.6% (n = 4) and 8.3% (n = 1) in obese and morbidly obese patients.
The incidence of periprosthetic infection was greater (p = 0.001) in obese groups than in nonobese groups when a posterior approach was used; however, this difference was not evident when an anterolateral (Hardinge) approach was used (Tables 4, 5). The rate of infection for patients when a posterior approach was used was 0% (n = 0) and 0.8% (n = 1) for normal and overweight patients, compared with 2.5% (n = 3) and 18.8%% (n = 3) in obese and morbidly obese patients. Median operative time (skin to skin) was longer (p = 0.013) for patients who were morbidly obese than for patients in the other three groups: median operative time was 100 minutes (range, 45-195 minutes) for patients in the normal weight range, 105 minutes (range, 40-290 minutes) for patients who were overweight and obese, and 120 minutes (range, 55-180 minutes) for patients who were morbidly obese. However, there was no difference (p = 0.23) in operative time for patients without and with periprosthetic infection (Table 1) : the median procedure time was 112 minutes (range, 50-190 minutes) for the 22 patients who had infection develop and 105 minutes (range, 50-295 minutes) for patients who did not have infection develop.
We observed a similar (p = 0.93) infection rate between patients with and without the use of a postoperative drain (Table 1) : the infection rate in patients with a drain was 1.9% (n = 20), compared with 1.4% (n = 2) without a drain. The periprosthetic infection rate was similar (p = 0.23) for patients who had a postoperative blood transfusion (2.6%; n = 11) and patients who did not (1.4%; n = 11) ( Table 1) .
The incidence of periprosthetic infection was not different for cemented and uncemented prostheses ( Table 1) . The infection rate for a totally cemented prosthesis or hybrid was 2.0% (n = 20), compared with 1.0% (n = 2) for a totally uncemented prosthesis (p = 0.46). The rate of infection in those cases in which antibiotic-impregnated cement was used was 1.6% (n = 9), compared with 2.5% (n = 11) of cases in which cement was not impregnated with antibiotics (p = 0.48).
Discussion
Substantial improvements in function and quality of life for patients after joint arthroplasty have been reported but considerable risk for complications for patients who are obese also has been reported [8, 17, 19, 23, 24, 26, 36] . Few studies report specifically on the incidence of acute periprosthetic infection for obese patients after primary hip arthroplasty and even fewer have controlled for comorbidities [28] [29] [30] . The aim of this study was to determine if obesity was an independent risk factor for periprosthetic infection and to analyze the patient and surgical variables that have been reported to correlate with infection.
Our study has several limitations. This was a retrospective analysis of prospectively collected data. Although postoperative care of patients was standardized through clinical pathway protocols, some differences in surgical technique were identified; namely, preference for surgical approach and use of drains differed among surgeons. However, each surgeon's practice was consistent throughout the study period and not influenced by individual patient characteristics. We analyzed these variables and found no relationship with infection rates and therefore believe these variables did not detract from our finding that obesity as an independent risk factor for acute periprosthetic infection after primary hip arthroplasty.
Our major finding was a considerably higher incidence of acute periprosthetic infection after primary hip arthroplasty in obese and morbidly obese patients compared with nonobese patients. Of the few existing reports in the current literature, there is argument for and against a correlation between obesity and the incidence of infection [16, 28, 29, 33] . In a recent study of considerable size, an initial association between BMI and infection after THA was reported. However, by using regression analysis and separating out coexisting conditions such as diabetes mellitus, obesity was no longer an independent predictor of infection after hip arthroplasty [29] . Only nine of 800 patients in that study were morbidly obese and the power of the study may be too low to give a precise estimate of the effect of BMI Infection versus weight group, p = 0.024. Infection versus weight group, p = 0.001. Infection versus weight group, p = 0.5.
on the risk of rare complications. In contrast, a study of similar size reported a higher infection rate after hip arthroplasty in patients who were ''highly obese'' (BMI ‡ 35 kg/m 2 ) than in patients who were ''non-highly obese'' (BMI\35 kg/m 2 ), with an odds ratio of 4.2 [30] . Although a higher incidence of diabetes mellitus in patients who were highly obese also was reported in the same study, only one of the five patients with infection had diabetes and this patient was in the nonhighly obese group. Our study concurs with these findings. When we compared periprosthetic infection rates in patients without diabetes mellitus or cardiovascular disease, we still observed a higher infection rate in obese patient groups than in nonobese groups. We also were able to report on a much larger cohort of morbidly obese patients.
We also observed the periprosthetic rate was considerably higher in patients who were obese and morbidly obese than in patients who were nonobese when surgery was performed through a posterior approach. This difference was not evident when a Hardinge approach was used. Reports of infectious complications related to the surgical approach are limited. A recent Cochrane review of complications related to surgical approach could identify only four prospective cohort studies related to this relationship [21] . These, however, have not indicated a predisposition to infection when either the posterior or Hardinge approach was used [3, 4, 11, 38] .
Operative time took considerably longer for the morbidly obese group than for all other weight groups. According to the CDC guidelines for the prevention of surgical site infection, an operative time greater than 2 hours is considered a risk factor for surgical site infection in hip arthroplasty [25] . Prolonged procedure time has been reported as an independent risk factor for surgical site infection [13, 14, 20, 31, 34] . However, we found no difference in the median operative times for patients who had a deep infection develop and for those who did not.
We observed no difference in the periprosthetic infection rates for patients who received an allogenic blood transfusion after surgery and for patients who did not receive a transfusion. It has been reported the transfusion of allogenic blood in patients undergoing joint arthroplasty increases the risk of complications, including infection [5, 32] . In a recent paper, it was reported transfusion of allogenic blood increased the risk of a deep-seated infection by a factor of 12 for patients undergoing primary hip or knee arthroplasty [35] . However, this paper cites a review by Innerhofer et al. [18] who compared the postoperative risk of infection after primary arthroplasty for patients who had allogenic and autologous blood transfusions. Closer inspection reveals, while there was a 12-fold increased risk of infection in patients who had allogenic blood transfusions after joint arthroplasty, these infections included wound, urinary tract, and chest infections. No reference was made to deep-seated infections.
We found no difference in the periprosthetic infection rate of patients with or without the use of a postoperative drain. Although the use of a surgical drain was governed by surgeon preference in our study, the protocol for the removal of drain tubes was consistent. A large randomized controlled trial of the use of drains in THA also concluded there was no difference in deep infection rates with or without the use of drains [37] .
The use of cemented prostheses has been associated with an increased incidence of deep infection in primary hip arthroplasty compared with totally uncemented prostheses when using revision as the end point; however, the difference is not evident when antibiotic-impregnated cement is used [12] . Although we are reporing on only the first 12 months after index surgery, when we compared the incidence of acute periprosthetic infection in uncemented hip arthroplasties with hybrid and fully cemented arthroplasties, we found no difference in the infection rates between the groups. Nor did we observe a difference in the infection rate for a cemented prosthesis regardless whether the cement was impregnated with antibiotics.
Deep infection after hip arthroplasty remains one of the most challenging and difficult orthopaedic complications in terms of prevention and treatment. Although successful eradication or suppression of infection has been achieved in a majority of cases at our institution [9] , treatment is not without substantial cost to patients, caregivers, and the healthcare system. As such, establishing risk factors for periprosthetic infection is of paramount importance. Our study shows obesity is a risk factor for acute periprosthetic infection after primary hip arthroplasty. We further establish the risk was independent of patient comorbidities such as diabetes and cardiovascular disease. Higher infection rates were seen for patients who underwent surgery using a posterior approach in particular. The incidence of periprosthetic infection was not influenced by operative time, transfusion requirements, use of drains, and cementation practices.
